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Protocol
========

1. Specimen Collection and Preservation
---------------------------------------

This method was developed and tested using fresh, frozen, and recently dried leaf tissues.

1.  Identify cogongrass and/or JBG tissues with the help of a taxonomist that specializes in grass species identification. With its bright red leaves, ornamental JBG is easy to visually distinguish from wild-type cogongrass and JBG revert; however, cogongrass and JBG revert are almost indistinguishable from one another. Cogongrass and the JBG reverted phenotype have green, longer leaves, considerably larger and longer rhizomes, and more leaf area than JBG^12^ (**Figure 1**).

2.  Fresh leaf tissue provides the most abundant and highest quality DNA and can be collected from field or greenhouse grown *I. cylindrica* plants. If fresh tissue is to be used, extract DNA within 3 hours of collection to help prevent degradation. Otherwise, prepare tissue for storage, keeping the tissue cool and out of direct sunlight.

3.  To store tissues for DNA extraction at a later date, the most optimal method is to freeze and store the tissue at -80°C immediately. Do not allow the frozen tissue to thaw prior to DNA extraction. Transfer the frozen tissue to liquid nitrogen prior to the grinding steps of DNA extraction to prevent thawing.

4.  If a -80°C freezer is not available, dry the tissue immediately. For dry storage, place the tissue into a paper envelope and store the envelope in dehydrated silica gel or other active desiccants at room temperature. *A small amount of indicator silica mixed in with non-indicating silica will ensure that silica is fully dehydrated and suitable for drying plant tissue.*

5.  Use at least 10 times more silica gel than fresh leaf tissue by weight. Plant tissue should dry within 24 hours.*The quality and quantity of DNA is reduced through dry storage over time (as in the case of herbarium specimens).*

2. DNA Extraction
-----------------

To extract DNA from plant tissue, follow the DNeasy Plant Mini Kit (Qiagen, Valencia, CA; Cat\# 69104 or 69106) manufacturer\'s instructions with one minor modification. Instead of using the suggested less than 100 mg fresh tissue or less than 20 mg dry tissue for each column, grind greater than 100 mg, and then transfer 100 mg from fresh or frozen tissue (or \> 20 mg from dry tissue) to appropriate tubes for extraction. Nuclear and plastid DNA is extracted simultaneously.

1.  Before starting these procedures, verify that ethanol was added to buffers AP3/E and AW.

2.  Grind \>100 mg of fresh or frozen leaf tissue (or \>20 mg of dry leaf tissue) to a fine powder using three rounds of liquid nitrogen with grinding in a chilled mortar and pestle. *Insufficient disruption of the starting material or insufficient lysis can also lead to lower yields of DNA. Carefully grind the tissue and do not overload the columns with too much tissue.*

3.  Transfer 100 mg frozen powder from fresh or frozen tissue (or 20 mg of powder from dry tissue) to a 1.5 ml microcentrifuge tube containing 400 μl of Buffer AP1 and 4 μl of RNase A. *Each tube can be placed in a small rack on a balance to monitor the correct weight of tissue per tube*.

4.  Vortex or shake sample(s) to mix and incubate for 10 min at 65°C, inverting the tube(s) 2-3 times during incubation.

5.  Add 130 μl of Buffer AP2 to each sample. Mix by inverting the tube(s) several times, and incubate for 5 min on ice.

6.  Pipet each lysate into a separate QIAshredder Mini spin column, and place each column in a 2 ml collection tube (provided with the kit). Centrifuge column(s) for 2 min at 20,000 x g (\~14,000 rpm), and transfer each flow-through fraction into a new tube (not supplied with the kit) without disrupting any formed pellet.

7.  Add 1.5 volumes of Buffer AP3/E, and mix by pipetting.

8.  Transfer 650 μl of mixture into a DNeasy Mini spin column in a 2 ml collection tube. Centrifuge column(s) for 1 min at 6,000 x g (\~8,000 rpm), and discard the flow-through. Repeat this step with the remaining mixture for each sample.

9.  Place the spin column(s) into a new 2 ml collection tube(s), and add 500 μl of Buffer AW to the top of each column. Centrifuge column(s) for 1 min at 6,000 x g (\~8,000 rpm), and discard flow-through.

10. Add another 500 μl of Buffer AW to the top of each column. Centrifuge for 2 min at 20,000 x g (\~14,000 rpm). This step will dry the column, thus removing any residual ethanol contained in the buffers that can inhibit PCR.

11. Transfer each spin column to a new 1.5 ml microcentrifuge sample tube. Add 100 μl Buffer AE to the top of each column for elution, and incubate column(s) for 5 min at room temperature. Centrifuge column(s) for 1 min at 6,000 x g (\~8,000 rpm) to collect the DNA.

12. Repeat these elution steps one time, eluting the DNA into the same 1.5 ml microcentrifuge tube to yield 200 μl of sample. Store DNA samples at -20°C until use.*DNA concentrations depend on tissue type and storage conditions. Optimal yields are obtained when eluting DNA with a total of 200 μl of buffer AE; however, concentrations can be increased if elution volumes are reduced to as little as 50 μl.*

3. Verification of DNA Quality and Quantity
-------------------------------------------

1.  Test the quality and quantity of extracted DNA prior to PCR setup using a spectrophotometer or fluorometer and gel electrophoresis. This will help ensure the success of subsequent steps.

2.  Using a spectrophotometer, test DNA quality and quantity. Good DNA yields should be between 50 and 150 ng/μl with 260/280 and 230/280 ratios close to 2.0. As an example, **Figure 2** shows good quality results using the NanoDrop spectrophotometer (ThermoScientific, Wilmington, DE).

3.  Conduct electrophoresis using a standard 1% agarose gel. Verify the presence of relatively large bands (\>10 Kb) with no to little streaking from RNA contamination (**Figure 3**).

4.  If the DNA concentration is high, dilute DNA samples to 70 ng/μl for subsequent steps.

4. PCR Primers
--------------

The PCR primers used in this protocol are based on sequence differences between the plastid*trnL-F* spacer region of cogongrass and JBG genotypes. These differences come in the form of SNPs (Single Nucleotide Polymorphisms) and InDels (Insertions and Deletions) that allowed the development of variety-specific primers by locating the primers at the sites of unique sequences (**Figure 4**).

1.  The quality of the primers can have a significant impact on the PCR results. Order primers from a reputable company. We order our primers from Oblique Bio, Inc. (<http://www.obliquebio.com/web/>, Huntsville, AL), requesting only standard desalting procedures.

2.  **trnL-F positive control primers:** This primer set amplifies the plastid *trnL-F* spacer region of most grass taxa^11-13^ and serves as a good positive control (resulting in an 890 bp band). **NameSequence**trnF(GAA)-F5\'-ATTTGAACTGGTGACACGAG-3\'trnL(5\' exon)-C5\'-CGAAATCGGTAGACGCTACG-3\'

3.  **Wild-type cogongrass primers:** This primer set is specific to cogongrass and does not amplify the *trnL-F* region of JBG genotypes. The set results in a band that is 595 bp. **NameSequence**trnLF-C-F15\'-TCCACTTTTTTGAAAAAACAAGTGCAA-3\'trnLF-C-R15\'-GCCGATACTCTAATAAATAAAAAAAAAAAAGAAAT-3 \'

4.  **JBG and JBG Revert primers:** This primer set is specific to JBG genotype and does not amplify the trnL-F region of cogongrass. The set results in a band that is 594 bp. **NameSequence**trnLF-R-F25\'-CCAAATCCACTTTTTTGAAAAAACAAGTGGTT-3\'trnLF-R-R25\'-CGAGATTCCTTGCCGATACTCTAATAAAA-3\'

5.  Resuspend each primer in enough volume of nuclease-free ddH~2~O to obtain a 100 mM stock solutions that can be stored at -20°C, long term.

6.  Dilute each primer stock to 12 mM prior to the PCR setup steps.

5. PCR Setup
------------

DNA extractions are amplified using each of the above primer sets in PCR reactions. Include a positive control to ensure that all PCR reagents are working well and can generate a band. Include a negative control to ensure that none of the reagents are contaminated with unwanted DNA. *The negative control contains no-template and should result in no band production.*

1.  Prepare all reactions in thin-walled PCR tubes to allow better heat transfer between the thermocycler block and the sample. *We recommend using commercially available aerosol-free pipette tips to help avoid contamination.*

2.  For each isolated DNA sample, set up 50 μl PCR reactions using each of the above primer sets in 0.2-ml thin-walled PCR tubes by adding the following reagents on ICE in the order listed below. If multiple samples are being prepared, make a cocktail containing all reagents with the exception of the DNA template to establish uniform conditions between all reactions. **PCR ReagentVolume UsedFinal Concetration**Nuclease-free ddH~2~O40.5 μl 10X Advantage 2 PCR Buffer (Clonetech, CA)5.0 μl10% (v/v)Advantage UltraPure PCR dNTP Mix (10 mM each, Clonetech, CA)1.0 μl0.2 mMPrimer 1 (12μM in ddH~2~O)1.0 μl0.24 μMPrimer 2 (12μM in ddH~2~O)1.0 μl0.24 μMAdvantage 2 Polymerase Mix (Clonetech, CA)0.5 μl1% (v/v)DNA extraction (70 ng/reaction; adjust ddH~2~O volume as needed)1.0 μl1.4 ng/μl Total: 50.0 μl 

3.  To ensure that all PCR reagents are working well, setup the positive control using the positive control primers. *This primer set works equally well for cogongrass, JBG, JBG revert and other grasses and will result in a band that is 890 bp.*

4.  Setup the negative control using the same control primer set as the positive control, using ddH~2~O instead of the DNA extraction. *If all reagents are free of DNA contaminates, this reaction will result in no band.*

5.  If the DNA concentration is low, more DNA can be added to each reaction, adjusting the amount of Nuclease-free ddH~2~O used to bring the total reaction volume to 50 μl.*Do not use more than 5 μl of DNA (10% of the total volume) per reaction, as possible impurities contained in the DNA samples can inhibit PCR reactions.*

6. PCR Cycling
--------------

1.  Carry out PCR amplifications in a thermocycler equipped with a heated lid using the following PCR cycling parameters. We use the Mastercycle pro S thermocycler (Eppendorf, Hauppauge, NY) set to operate with standard temperature ramping conditions. Any quality thermocycler should perform well. **CycleDenaturation AnnealingPolymerization**12 min at 95°C 230 sec at 95°C30 sec at 61°C 90 sec at 68°C 35 Cycles3 5 min at 68°CHold at 4°C until the sample is removed

2.  Optimize the conditions for PCR (including primer annealing temperature, extension times, and number of cycles) as needed depending on the quality of the DNA, primers, Taq polymerase or type of thermocycler used. *We recommend using a gradient capable thermocycler when determining the optimal annealing temperatures.*

3.  If the thermocycler being used does not have a heated lid, add 1 drop of mineral oil to the top of each sample to prevent evaporation during PCR cycling.

7. Gel Electrophoresis of PCR Products
--------------------------------------

To visualize the results of the analysis, separate PCR products on a 1% agarose gel using standard electrophoresis.

1.  Combine 2 μl of a standard DNA loading buffer (typically a 5x or 6x solution) with 5 μl of each amplified PCR product.

2.  Load samples onto a 1% agarose gel containing EtBr (ethidium bromide for DNA staining) made with either TAE or SB (sodium borate) buffer systems^16^. We use 1 μl of a 10 mg/ml EtBr stock solution per 100 ml 1% agarose (0.1 μg/ml).

3.  Run samples at \~120V until the dye front reaches ¾ of the total length of the gel.

4.  Under UV light (e.g. a short wave UV light box), inspect the resulting bands to see if an appropriate fragment was amplified.

5.  Document the gel and resulting bands using an available photo-documentation system or camera.

8. Representative Results
-------------------------

Upon visualization of the PCR products, cogongrass has a unique banding pattern compared to that of JBG or reverted JBG (**Figure 5**). For each DNA sample, the *trnL-F* positive control primer set should result in a single high-intensity band at \~890 bp. This verifies that all PCR reagents are working well. Similarly, the negative control (no template) reaction should contain no bands for any primer set used. This verifies that none of the reagents were contaminated.

If the DNA sample is derived from wild-type cogongrass, a PCR reaction using the cogongrass-specific primer set will result in a single band at \~595 bp while the JBG-specific primers will result in no band. Likewise, if the DNA sample is derived from JBG or reverted JBG, a PCR reaction using the JBG-specific primer set will result in a single band at \~594 bp while the cogongrass-specific primers will result in no band. Because JBG and reverted JBG have identical nucleic acid sequence, they will hence have identical banding patterns. If many samples are to be compared on a gel at the same time, we recommend running all samples derived from each primer set next to one another, thus making it easier to scan the samples for positive results.

Morphological differences between JBG and JBG reverts are fairly obvious (e.g. red color of the leaves and smaller stature of JBG vs. the green coloration, larger stature and aggressive growth of the JBG revert), so while PCR results will be the same, the JBG varieties are easy to distinguish using plant morphology.

**Figure 1.** Comparison of greenhouse grown *Imperata cylindrica* var. *koenigii* (Japanese blood grass), Reverted *I. cylindrica* var. *koenigii* (JBG Revert) and *I. cylindrica*(Wild-type cogongrass).

**Figure 2.** An example of DNA samples verified using a NanoDrop spectrophotometer. Note that, irrespective of the spectrophotometer used, the 260/280 ratio should be close to 1.8 and the 260/230 ratio should close to 2.0.

**Figure 3.** DNA samples verified using standard gel electrophoresis on a 1% agarose gel. A commercial DNA marker was used for size analysis. Lane \#4 is an example of poor quality DNA sample, showing smearing and some RNA contamination.

**Figure 4.** Sequence alignments of the *trnL-F* regions of *Imperata cylindrica* var. *koenigii* (Japanese blood grass), Reverted *I. cylindrica* var. *koenigii* (JBG Revert) and *I. cylindrica*(Wild-type cogongrass). Vertical black arrows indicate differences in sequences resulting from SNPs and InDels. Horizontal green arrows indicate the positions of the Wild-type cogongrass primers used for cogongrass-specific PCR. Horizontal red arrows indicate the positions of the JBG and JBG Revert primers used for JBG-specific PCR. Please [click here](http://www.jove.com/files/ftp_upload/3265/3265fig4_lg.jpg) to see a larger version of this figure.

**Figure 5.** Representative result of gel electrophoresis of PCR products derived from cogongrass, JBG and JBG revert DNA samples combined with cogongrass- and JBG-specific primers as well as the *trnL-F* positive control and a no template negative control.

Discussion
==========

The U.S. nursery and landscape industries thrive on cultivating and selling exotic and novel plant species. This, coupled with the growing globalization of trade, increases the chances that an invasive plant species will enter, establish, and spread in the U.S. The ability to federally regulate such plants relies on information that is often not available, including the potential to become invasive, correct taxonomy, and genetic distinctness from native and naturalized taxa. Because our knowledge of invasive plants is often limited, imported plants with hidden invasive characteristics have been willingly introduced only to learn later that they invade our agricultural and natural resources. This protocol aims to address such problems associated with *I. cylindrica* varieties by providing the first simplified molecular method that can accurately distinguish between wild-type cogongrass and the reverted form of its ornamental JBG counterpart.

For the development of this protocol, wild-type cogongrass was collected from naturalized populations at the Pond Creek Forestry Unit in Santa Rosa County near Jay, FL in June of 2008. JBG was procured from a commercial nursery (Bluebird Nursery, Inc.) in June 2008 as well as from a homeowner\'s collection in Columbia, MO. JBG reverts were obtained from the courtyard of the Campbell Geological Museum at Clemson University, SC in June 2008; from University Park in Riverdale, MA in June 2009; and from the front yard of a homeowner in Columbia, MO in 2009 (identified by Leland Cseke). All plants were maintained in a greenhouse located at the University of Alabama in Huntsville (Huntsville, AL).

Genetic sequencing of DNA collected from these plants included the in depth comparisons of 9 independent DNA regions commonly used to barcode plants^2^. In all cases, the sequences of JBG were a 100% match to those of the JBG revert, thus helping to verify that JBG does indeed revert to a green, invasive form. Only the nuclear ITS and the chloroplast *trnL-F* regions have differences that can be used to genetically distinguish between cogongrass and JBG. The ITS region has a total of 3 SNPs (single nucleotide polymorphisms) between cogongrass and JBG, while the *trnL-F* region has 2 SNPs and 2 InDels (insertions and deletions). These genetic differences allowed variety-specific PCR primers to be developed that can distinguish between wild-type cogongrass and JBG reverts. The most reliable results have come from primers derived from the plastid *trnL-F* region. Thus, this protocol is based on the sequence differences between the *trnL-F* regions of the chloroplast genome of cogongrass, JBG and reverted JBG (**Figure 4**).

To help generate primers that are more specific to the varieties in question and to help avoid false positives from closely-related species, all known *trnL-F* sequences of *I. cylindrica* varieties were compared with *trnL-F* sequences from related grass species (43 independent sequences from 29 species, *e.g.*, *Cymbopogon citratus, Sorghastrum incompletum, Coix lacryma-jobi, Miscanthus sinensis, Saccharum officinarum, Sorghum halepense*). Although, we examined variety-specific primer sequences across 29 species of grass, the specificity of the variety-specific primers has not been comprehensively examined for its ability to amplify DNA from most other grass species. Consequently, tissue used for DNA extraction should be carefully identified as *I. cylindrica* prior to starting this protocol. If the grass cannot be identified as either cogongrass or JBG, then we suggest sequencing the PCR product to make sure that sequences are an exact match to cogongrass or JBG. Currently, the most accurate method to verify the identity of a given grass specimen is to perform PCR on both the *trnL-F* and ITS regions, followed by sequence verification of PCR products and comparison of the sequences to known sequences from accurately identified taxa. DNA can be amplified using control primers detailed in this protocol (for the *trnL-F* region) or other primers that available in other publications^13-15^. Sequencing is much more labor and cost intensive than using our simplified procedure.

The quality of the primers used for PCR is critical to the success of the procedure. We have made the primers for this procedure available from Oblique Bio, Inc. (<http://www.obliquebio.com/web/>, Huntsville, AL). The advantage to ordering the primers from Oblique Bio is that they store large numbers of aliquots of each primer from the identical sample production series as the primers we used for optimization in our laboratory. Consequently, primers not only have the same sequence, but they come from the exact same production lot that was used in this protocol. Using primers from the same lot, can help avoid extraneous variables in the procedure that may result from differences in the quality of PCR primers. Likewise, while other Taq polymerases should work fine for PCR, the quality of the Taq polymerase used will have an impact on the quality of PCR results. To allow for better consistency in PCR reagents, we have optimized the protocol using reagents from Clontech. The Advantage 2 Polymerase (Clontech, Mountain View, CA, Cat\# 639201 or 639202) is a mixture of a robust, hot-start Taq polymerase and a proof-reading enzyme that helps to provide high specificity and more accurate amplifications.

Because this protocol relies on chloroplast DNA, which is maternally inherited in grasses, hybridization events between cogongrass and JBG genotypes may not be captured with our molecular identification procedure. In cases where hypridization is suspected, we recommend using nuclear regions that are inherited from both parents. The most commonly used non-plastid variable region to consider in plant genotyping is the nuclear ribosomal ITS region^13-15,17^. Currently, we are making progress towards multiplexing the amplification of the chloroplast *trnL-F* region with that of the nuclear ITS region in the same PCR tube. Multiplexing plastid with nuclear DNA regions would potentially circumvent the limitations of using either alone; however, such methods require optimization and additional evaluation to determine feasibility on a case by case basis. The use of quantitative real-time PCR (qPCR) and newer technologies, such as molecular beacons (fluorescent primer probes), are also being evaluated as fail-safe and accurate plant genotyping methods.

The protocol presented here provides a fast and reliable approach to distinguish the JBG revert from that of wild-type cogongrass. We encourage users of this protocol to contact us to report results derived from the use of this protocol. Such shared information will help provide information on the distribution of JBG reverts. This will also help regulators at the USDA make informed decisions on actions that may be need to circumvent the spread and potential hybridization of the highly invasive cogongrass varieties.
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